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Abstract—A new and selective palladium-catalyzed amination of the pyrido[3 0,3 0:4,5]pyrrolo[1,2-c]pyrimidine nucleus, the hetero-
cyclic core of the variolin alkaloids, is described. The method allows the introduction of amino and aryl- and alkylamino substit-
uents on the C9 position in advanced precursors of variolin B and deoxyvariolin.
� 2007 Published by Elsevier Ltd.
Variolins (1) are a group of marine heterocyclic sub-
stances isolated from the Antarctic sponge Kirkpatrickia
variolosa1,2 and they have a common and rare tricyclic
pyrido[3 0,3 0:4,5]pyrrolo[1,2-c]pyrimidine (2) skeleton
(Fig. 1).

An important feature of these compounds is the signifi-
cant and differential cytotoxic activity against P-388
murine leukemia cells. In addition, recent studies have
indicated that variolin B appears to act as a cyclin-
dependent kinase inhibitor (CDK) and induces the acti-
vation of p53, although its pro-apoptotic activity is
p53-independent and it is thus potentially active against
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Figure 1. Variolins (1) and structure for pyrido[3 0,3 0:4,5]pyrrolo[1,2-c]-
pyrimidine nucleus 2.
tumors with mutation or deletion of the p53 gene.3

Consequently, several groups have been involved in
the synthesis of the core variolin heterocyclic system
and/or total synthesis of variolin B.4 However, the
reported methods employed in the synthesis of the
pyrido[3 0,3 0:4,5]pyrrolo[1,2-c]pyrimidine nucleus scar-
cely explored the introduction of chemical diversity at
the C9 position of this tricyclic system.

We report here a new approach to a conveniently C9-
substituted pyrido[3 0,3 0:4,5]pyrrolo[1,2-c]pyrimidine
derivative that allows the functionalization of this posi-
tion with different alkyl- and arylamino substituents by
applying palladium-promoted C–N bond formation to
this heterocyclic system.

Our first approach to the azolopyrimidine nucleus
involved the reaction of bromomethylazoles 3 with
tosylmethyl isocyanide (TosMIC) (4) (Scheme 1).5 This
method implicates the nucleophilic displacement of the
bromo-substituent, rearrangement of the methoxycar-
bonyl group, cyclization of the azole nitrogen on the iso-
cyanide group and elimination of the p-toluenesulfinic
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Scheme 1. Synthesis of azolopyrimidines from bromomethylazoles (3)
and TosMIC (4).
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Table 1. Optimization of conditions for 8 from 3a and 6

Entry Catalyst Base 7 Yield
(%)

8 Yield
(%)

1 Bu3NMeCl (10%) NaOH (15%) 43 —
2 Bu3NMeCl (10%) NaOH (30%) — 5
3 Bu3NMeCl (10%) NaOH (50%) — —
4 — DBUa — —
5 Bu3NMeCl (10%) LiOH (30%) 53
6 TEBACl (10%) LiOH (30%) 43
7 TBACl (10%) LiOH (30%) 58
8 Aliquat (10%) LiOH (30%) 53

a Et3N and Et(iPr)2N were also tested resulting in the decomposition of
6 and recovering of 3a.
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acid and has proven to be very efficient for the synthesis
of a wide variety of azolopyrimidines 5, including the
variolin core. However, this approach suffers from the
drawback associated with the introduction of the amino
substituent in the C9 position.

Starting from a suitable bromomethylazole,5b we envis-
aged an alternative strategy to build C9-substituted
pyrido[3 0,3 0:4,5]pyrrolo[1,2-c]pyrimidines using the
TosMIC synthetic equivalent represented by N-tosyl-
methyl dichloroformimide (6).6 Two bromomethylpyri-
dopyrroles (3a,b) were chosen as model substrates to
test the heterocyclization reaction, which should afford
the corresponding advanced precursors for variolin B
and its deoxy analogue (Scheme 2).

Initial results from the reaction of 3a under the same
phase-transfer conditions used for the synthesis of 5
afforded 7 in 43% yield (Table 1, entry 1). In the search
for the optimal conditions it was observed that com-
pound 7 was not formed on using higher concentrated
NaOH (30%) and the unexpected compound 8 was iso-
lated in 5% yield. This result was very convenient in
terms of our ultimate goal, the total synthesis of vario-
lin, since it circumvents the need to remove the methoxy-
carbonyl group. Consequently, we studied this
heterocyclization process further in order to find a set
of appropriate conditions to obtain 8 in a synthetically
useful yield.

Representative results are summarized in Table 1 and
show that phase-transfer conditions are necessary for a
successful heterocyclization5b (Table 1, entry 4). The
best results (58% yield) were obtained in the two-phase
system LiOH (30%)/CH2Cl2, with tetrabutylammonium
chloride (TBACl) as the catalyst at room temperature
(Table 1, entry 7). The use of a less lipophilic base such
as NaOH and/or other phase-transfer catalysts (Table 1,
entries 5 and 8) did not improve the yield. Under these
optimal conditions compound 9 was obtained from 3b
in 53% yield.7
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Scheme 2. 9-Chloropyrido[3 0,3 0:4,5]pyrrolo[1,2-c]pyrimidines from 3

and N-tosylmethyl dichloroformimide (6).
While the formation of 7 can be explained for a similar
mechanism to that proposed for the reaction 3a and
TosMIC,5a,d the formation of 8 and 9 likely involves
nucleophilic substitution of 6 on the bromomethyl-
pyrrole 3a, deprotection of the azolic pyrrole under the
phase-transfer conditions, cyclization by attack of the
pyrrole nitrogen on the chloroimine and 1,2-elimination
of p-toluenesulfinic acid. Support for this mechanism
was found in the unsuccessful attempts to transform 7
into 8 under the reaction conditions (Scheme 2).

In order to explore the usefulness of 8 and 9 intermedi-
ates in the synthesis of variolin B, deoxyvariolin B, and
various analogues, we tried to convert them into the
amino derivatives 10a and 11a by simple nucleophilic
displacement of the chloro atom in the C9 position. Dif-
ferent experiments were carried out on 8 in the presence
of ammonium hydroxide and aliphatic and aromatic
amines but this substitution reaction proved to be inap-
propriate for our purposes, with substitution products
formed in very low yields. These results led us to turn
our attention to the palladium-promoted C–N bond
formation developed by Buchwald and Hartwig.8

Our initial results showed that 8 can be converted selec-
tively into 9-aminopyrido[3 0,3 0:4,5]pyrrolo[1,2-c]pyrimi-
dine (10a) using triphenylsilylamine (Ph3SiNH2) as an
ammonia equivalent in the presence of LiHMDS using
2 mol % of tris(dibenzylideneacetone)dipalladium(0)
(Pd2(dba)3) and 4 mol % of (2-biphenyl)di-tert-butyl-
phosphine.9 The best yield (89%) was obtained using a
slight excess of LiHMDS (1.2 equiv) and Ph3SiNH2

(1.2 equiv) in THF at room temperature (16 h) or under
reflux (12 h).10 Further evidence of the selectivity of this
reaction was obtained with 4,5,9-trihalo-substituted sub-
strate 9, which was transformed selectively into 11a10 in
71% yield under the same conditions as used for 10a
(Table 2, entry 2).The scope of this amination reaction
was studied with aromatic, heteroaromatic, and
aliphatic (primary and secondary) amines with both 8
and 9; the results obtained are shown in Table 2.11

The best results were obtained in THF using
Pd(OAc)2/2-di-tert-butylphosphinobiphenyl in the pres-
ence of NaOt-Bu. The scope of this palladium-catalyzed
amination is considerably broader at 65 �C than at room
temperature, with very similar results on both hetero-
cyclic substrates.



Table 2. 9-Aminosubstituted derivatives 10 and 11
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Table 2 (continued)

Entry Starting material (8/9) Amine Product (10/11) Yielda (%)

14 8
NH2 N

NNH

N

Br

10i: 73

15 8
O
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16 9 11j: X = Cl, 78
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19 9 11l: X = Cl, 35

20 8 NH N

NN

N
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10m: X = H, 0
21 9 11m: X = Cl, 0

a All reactions were carried out in the presence of (2-biphenyl)di-tert-butylphosphine.
b Reaction conditions: LiHMDS/THF Pd2(dba)3/(2-biphenyl)di-tert-butylphosphine.
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Aromatic primary amines such as aniline and hetero-
aromatic amines on p-deficient heterocycles (amino-
pyridines) produced good yields of products with both
tricylic substrates 8 and 9 (Table 2, entries 3–7) while
only moderate yields were obtained with 3-aminopyraz-
ole (Table 2, entries 8 and 9). In general, aliphatic pri-
mary and secondary amines afforded lower yields—
especially in the case of secondary acyclic amines, which
led to low yields (Table 2, entries 18 and 19) or did not
afford the amination products with either 8 or 9, even at
high reaction temperatures and/or with larger amounts
of catalyst (Table 2, entries 20 and 21).

In conclusion, a selective palladium-catalyzed amination
reaction allowed the introduction of aryl- and alkyl-
amino-substituents on the C9 position of the pyrido-
[3 0,3 0:4,5]pyrrolo[1,2-c]pyrimidine system, the hetero-
cyclic core of the variolin alkaloids. Moreover, this
method is also appropriate to prepare the 5-bromo-
and 5-bromo-4-chloro-9-aminoderivatives, both ad-
vanced precursors of deoxyvariolin and variolin B,
respectively.
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